ABSTRACT
terminal amino acid sequnces were determined. A group of proteins were obtained which resembled the Alb-polypeptide components of glycinin from G. max. They had the same size (Mr = 37,000), identical NH2-terminal sequences, and similar amino acid compositions to Alb. A second group of acidic proteins (Mr = 50,000) in G. tomentella had NH2-terminal sequences homologous to the AG component (Mr = 10,000) of glycinin. The latter group of polypeptides had a substantially higher apparent molecular weight than any acidic polypeptide components of glycinin analyzed previously. A third group of polypeptides purified from G. tomentella were the same size as basic polypeptides of glycinin and had homologous NH2-terminal sequences. The results indicated that the perennials exhibit variability in their seed proteins at a level not found among the cultivars of G. max and G. soja and may be useful in studies concerning the origin and organization of genes involved in the synthesis of storage proteins in cultivated soybeans.
Glycinin, a major storage protein found in seeds of the cultivated soybean [Glycine max (L.) Merr] is a 350,000 D complex composed of six nonidentical subunits (1) . Each subunit contains a unique acidic and basic polypeptide component linked together via a single disulfide bond (9) . The acidic components range in ' (4, 10) . Inasmuch as an altered glycinin composition may be useful for genetic and biochemical studies that relate to seed storage protein synthesis, the search was continued for soybeans which were polymorphic with respect to these proteins. Previously, 120 lines of the G. soja, which is an annual like G. max, were screened electrophoretically, but no obvious difference was found in their glycinin compositions compared with the cultivated species (Staswick, unpublished results). The search was expanded to include perennial species closely related to G. max where large variations were discovered. Here ten accessions from four such perennials are described whose I1 S and 7S compositions vary considerably from those found in cultivated soybeans.
MATERIALS AND METHODS
Plant Material. Dry seeds of wild soybean species (Glycine tomentella, G. canescens, G. tabacina, and G. clandestina) were obtained from the Division of Plant Industry, C.S.I.R.O., Canberra, Australia. Cultivar CX635-1-1-1 is a high protein breeding line that has been described previously (6) .
Protein Purification. Seed storage proteins were extracted as described (6) except that 10%o polyvinyl-polypyrrolidone was included in the extraction buffer to remove phenolics. The chromatographic, electrophoretic, and sequencing procedures used for this study have been described previously (6, 9) . Glycinin was Salkylated with 4-vinylpyridine (3) prior to ion exchange chromatography. SDS gels were 12.5% in polyacrylamide.
RESULTS
The salt-soluble proteins from the mature seed of ten accessions from four perennials related to G. max were analyzed using SDSgel electrophoresis and compared with CX635-1-1-1. The latter is a breeding line of G. max studied extensively in our laboratory (6, 7, (9) (10) (11) (12) which contains the same complement of glycinin and f8-conglycinin polypeptides as most other strains studied. The perennials contained proteins with relative mobilities similar to those of glycinin (11S) and /3-conglycinin (7S) (Fig. 1) , although there was considerable variability among species in the number and size and basic (B) components. The mol wt previously determined for these bands are B's = 20-22,000, A's = 37,000, A3 42,000, fi 54,000, a = 68,000, a' = 72,000 (5, 6).
of abundant proteins. None contained the exact complement of bands found in CX635-1-1-1. In general, the perennials yielded fewer bands in the region of the gel corresponding to the glycinin polypeptides and the A3 component (Mr = 42,000) of G. max was missing in all cases. A3 has been observed in each of the more than 2500 entries of G. max from the Northern USDA-collection studied thus far, and is also a prominent component of glycinin in the related annual, G. soja (Staswick, unpublished 
observations).
Variability was particularly evident in the region of the gel where the fi-conglycinin subunits were located, as well as the regions normally occupied by the a, a', and ,8-subunits of ,8-conglycinin.
In an effort to determine which polypeptides were associated with the 7S-complex and which to the 1 IS-complex, the seed proteins from a strain of G. tomentella (CSIRO No. 1133) were extracted and fractionated using methodology described previously (5, 6) . In the case of G. max, samples obtained after cyroprecipitation at low ionic strength and pH 6.6 have been shown to contain predominately IIS proteins while most 7S and 2S proteins remain soluble under these conditions (6) . The two fractions resulting from similar treatments of extracts from G. tomentella were examined on SDS-gels (not shown). The predominating polypeptides in the 7S fraction had relative mobilities (Mr) similar to the a and a' subunits of fi-conglycinin but lacked a strong band corresponding to the fB-subunit. In addition to protein bands with Mr = 37,000 and = 20,000, which correspond to the acidic and basic polypeptides, respectively, the I IS fraction contained a major class of proteins which had an apparent mol wt of about 50,000. The 50,000 D proteins were similar in size to that for the fl-subunit of fi-conglycinin and were significantly larger than A3, the largest electrophoretic component among the acidic polypeptides of glycinin from G. max. However, evidence to be described showed the 50,000 D polypeptides were acidic components from IS subunits rather than the fl-subunit of 7S proteins.
The polypeptides of the IuS fraction from G. tomentella were separated on a DEAE-ion exchange column using a linear NaCI gradient (Fig. 2) fractions as indicated and analyzed by SDS-gel electrophoresis (Fig. 3) . The elution profile of the various fractions was substantially different from those obtained when CX635-1-1-1 was analyzed similarly (see 6). The major components in F1 were polypeptides (Mr = 20,000) not retained by the cation-exchange column. Minor bands at higher Mr were also evident in F, and probably correspond to acidic polypeptide components (I IS). The size of the F2 peak was similar to that of F1, although the amount of protein in F2 after lyophylization was only 15% that in F1. It is likely that t-he majority of proteins in F2 were basic polypeptide components derived from the 'tail' of the F1 peak, while most of the A (280 nm) was due to 4-vinylpyridine polymers which were not completely removed by desalting procedures after alkylation of the protein. Several minor bands were also detected in F2 but were not characterized further. F3 and F4 were shown to contain principally Mr = 37,000 polypeptides, while the predominant electrophoretic components in F5 and F6 were the Mr = 50.000 polypeptides. The relative mobility of F4 was slightly less than that of the major component of F3, which suggested structural difference between two classes of abundant proteins in this peak. F7 turned out to be a complex mixture of polypeptides (Fig. 3) and was not characterized further.
The polypeptides from F3 to F6 were analyzed by NH2-terminal amino acid sequence analysis to relate them with the known sequences of the glycinin polypeptides from G. max. To facilitate comparison of proteins in G. tomentalla and G. max, the NH2-terminal sequences of 7S and lIS proteins in CX635-1-1-1 are reproduced in Table I . The first 15 residues of F3 and F4 (Table  II) were identical to those of Alb from G. max. Cyanogen bromide cleavage of F3 and F4 yielded fragments of the same size as similarly prepared fragments from Alb (not shown), which suggests that the methionine residues in F3 and F4 are in positions analogous to those in Alb. Thus, the dominant proteins in F3 and F4 are very similar to the A1-A2 family of acidic polypeptide components of glycinin in cultivated soybeans.
Electrophoretic analysis of F5 and F6 revealed size heterogeneity among the abundant proteins in these samples. Despite this heterogeneity, only a single NH2-terminal amino acid sequence was obtained when the samples were analyzed (Table II) . The first 15 residues from both F5 and F6 (Table II) were identical to the sequence of A5 (Table I ) and nearly the same as that of A3 where a serine at position 2 replaced threonine. It should also be noted that despite the apparent size similarity between the major components of F5 and F6 and the f8-subunit of f8-conglycinin, their NH2-terminal sequences were completely different (Table I) . That these 1 IS polypeptides from G. tomentalla were closely related to the previously characterized acidic components of soybean glycinin (6) was supported further by a comparison of the amino acid composition of the protein found in fractions 3 to 6 (Table III) . The compositions of F3 and F4 were similar to that of the Ar-A2 family of glycinin polypeptides, whereas the compositions of F5 and F6 were similar to A3, particularly with respect to their high histidine content compared to the other acidic polypeptides. It is also worth noting that amino acid analysis indicated F5 and F6 have several methionine residues while the fl-subunits contain no methionine and are not cleaved by cyanogen bromide (5) .
It has been shown that glycinin subunits are synthesized as high mol wt precursors which consist of the acidic polypeptide component followed by the basic one (11, 12) . Inasmuch as each acidic-basic pair is encoded on a common gene, it was of interest to determine whether the basic polypeptides of the wild species had novel characteristics like the acidic ones. The high degree of NH2-terminal sequence homology of basic polypeptides from G. max permits them to be analyzed in the sequencer as a mixture without further purification. When F, (Figs. 2 and 3 ) from the perennials was examined in this manner (Table II) , the amino acids deduced for each of the first 14 cycles corresponded to those expected for a mixture of the basic polypeptide from CX635-1-1-1 (Table I) except at position nine. Whereas CX635-1-1-1 contained methionine and leucine in approximately a 3:1 ratio at this position, G. tomentella yielded methionine and phenylalanine at approximately a 1:1 ratio. Significant levels of leucine were not detected in cycle 9 for the perennial and so far phenylalanine has not been found at this position in any of the basic polypeptides from cultivated varieties. It is interesting that the codon for phenylalanine differs from that for leucine by a single base. It should also be recalled that B3 is the only basic polypeptide in cultivated soybeans which lacks leucine at position nine (Table I) (2, 3) . Phenylthiohydantoin amino acids were identified by high pressure liquid chromatography (13) . Numbers in parentheses indicate nmol recovered in each cycle. Where a residue was consistent with that expected for a given cycle but was less than 3 times background level, the residue is indicated in parenthesis. Arginine, histidine, and cysteine were not quantitated, but where detected they are indicated by +. The basic polypeptides were sequenced as a mixture; thus, two residues are present in several cycles. Homologous sequence from CX635-1I-1I-1 is described in Table I 
